The ideal material for encapsulation should have good rheological properties, good dispersing capacity of active substances, lack of chemical reactivity with encapsulated substances, the ability to complete release the active compounds, under different conditions, solubility in non-toxic solvents. The degree of novelty of this work consists in applying a preclinical solution for reducing the risk of allergic reaction manifestation, after the treatment with therapeutic agents with allergic potential, as it is the case of beta-lactam antibiotics or non-steroidal anti-inflammatory drugs. The originality of this research it is based on obtaining new chitosan derivatives, starting from cetirizine which is well known for its antihistaminic properties, followed by the use of these new derivatives for encapsulation of drugs with allergic potential. The obtained particles will lead to the reducing of the drug hypersensitivity, keeping, at the same time, the followed therapeutic effect.
*e-mail: oana.dragostin@ugal.ro All authors had equal contributions Antihistamines inhibit the effects of histamine by blocking H1 receptors and have numerous clinical indications such as: allergic pathologies (rhinitis, atopic dermatitis, allergic conjunctivitis, drug hypersensitivity, urticaria, transfusion reactions), idiopathic chronic urticaria, motion sickness, vertigo and insomnia [1, 2] . Cetirizine, an important representative of this class, is a potent antihistamine H1 of the second generation, a hydroxysin metabolite, effective in the treatment of allergic rhinitis, chronic urticaria, pollen induced asthma and atopic dermatitis. It becomes differentiated from traditional antagonists by not producing drowsiness or anticholinergic effects [3, 4] .
On the other hand, aspirin, the most used drug in the world (especially for the prevention of cardiovascular disease, but also in acute inflammation, myalgia, fever, angina or thrombosis), has some severe side effects such as prolonging bleeding time, gastric irritability, and favoring ulceration, as well as inducing hypersensitivity in some subjects. In addition, penicillin and penicillin derivatives such as amoxicillin or ampicillin may also cause acute or subacute allergic reactions mediated by immunoglobulins E and G [5, 6] .
Microencapsulation of active substances is of major interest in the controlled release range, due to the relatively light microparticle design and reproducibility of the process [7] [8] [9] . The importance of biopolymers (chitosan type) is made evident by a multitude of studies, that have highlighted over the time, their characteristics such as: inertness and compatibility with drug substances, nontoxic, protective, antioxidant and biodegradable properties, but also the possibility of creating controlled release systems of active substances [10] . Thus, using chemically modified chitosan via cetirizine, as a polymer matrix, this study attempted to prepare microparticles incorporating aspirin and penicillin, substances well known for their highly allergenic properties. The present work purpose is the development and the validation of some micro-systems based on natural polymers, type of chitosan and its chitosan-cetirizine derivatives, for reducing the drug hypersensitivity concerning the patients with extreme sensitivity to a particular active substance. For this, the following research directions will be pursued: (i) the synthesis, characterization and physico-chemical and spectral (infrared spectroscopy) evaluation of certain derivatives of chitosan-cetirizine (using chitosan with low molecular weight -CLMW and medium molecular weight -CMMW); (ii) the preparation of microparticles based on these derivatives, in which substances with potential allergens were included: aspirin and penicillin; (iii) the morphological characterization of the obtained microparticles using the electronic scanning microscopy (SEM) and, last but not least, (iv) determining the swelling capacity of the obtained polymer matrices, and (v) assessing their biodegradability.
Experimental part Materials and Methods General procedure for obtaining chitosan-cetirizine derivatives
The study will mainly focus on the synthesis methods that are based on the principles of green chemistry with the purpose of using them to obtain chitosan derivatives with anti-allergic properties [11] [12] [13] .
1 g of cetirizine (0.0025 moles) was subjected to the esterification reaction by mechanical agitation with 2% chitosan solutions (CLMW and CMMW) in 2% acetic acid, for 24 hours, using an acid medium (conc. H 2 SO 4 ), as dehydrating agent. At the end of the reaction time, the products (1, 2- fig. 1 ) were separated by filtration, the technique being taken from the literature, with minor modifications [14, 15] .
IR spectral analysis of chitosan-cetirizine derivatives: structural confirmation
The spectra of the synthesized compounds were performed by ATR-FTIR measurements using FT-IR ABB Bomem MB-3000 (Canada) spectrometer. The spectra were recorded in the range of 4000-500 cm -1 with 32 scans at a resolution of 4 cm -1 . Spectral processing was carried out by means of a Horizon MBTM FTIR Software and GRAMS 32 Software (Galactic Industry Corporation, Salem, NH), Version 6.00.
General procedure for incorporating aspirine and peniciline G into chitosan-cetirizine-based microparticles First, to optimize the method, pure chitosan microparticles have been made, and then the parameters and working conditions found, have been used and adapted to obtain the chitosan-cetirizine microparticles (CSM.CET and CSL.CET) with aspirin (ASP) and penicillin (PEN). The procedure was performed according to the literature technique [16] , with the necessary modifications. Their production was carried out by the method of dripping, under mechanical stirring, a method which requires exact and correct dosing of the active substances. 1 % aqueous solution of sodium tripolyphosphate (TPP) was used as crosslinker.
Microscopic characterization of the obtained microparticles
In order to determine the size and morphology of the obtained microparticles, a microscopic analysis was performed using the FeiQuanta 200F Electronic Scanning Microscope (SEM), which allowed the study of surfaces of the chitosan microparticles to produce clear threedimensional images.
Evaluation of the swelling capacity of the obtained microparticles
According to the literature [17] , the therapeutic efficacy is also significantly influenced by the ability of the polymer membranes to retain water; this was tested by determining the degree of inflation at equilibrium. The chitosancetirizine microparticles of penicillin and aspirin of approximately the same size were weighed for dry mass determination (Wd), after which they were left in distilled water at room temperature. Samples were taken every 15 min, dried with filter paper and weighed each time to determine the wet weight (Ww), the operation being repeated until the thermodynamic equilibrium was installed.
The Membrane Swelling Ratio (MSR) is calculated according to the following formula:
where:
-Wd is the weight of the dry sample; -Ww is the weight of the wet sample at thermodynamic equilibrium.
The results were plotted.
In vitro biodegradation of the obtained microparticles The biodegradability of the microparticles was studied according to the literature using 52975 IU / mg of lysozyme as the biodegradable agent after it had previously been solubilized at 37 ° C in phosphate buffer pH 7.4 with 10,000 IU / mg. Until the equilibration of the swelling capacity was established, the microparticles were left in the buffer solution (pH = 7.4), after which they were transferred to the lysozyme buffer and kept in the incubator at 37 ° C for 7 days, the solution being changed daily. On days 1, 4 and 7, the microparticles were removed from the buffer and weighed, following a decrease in mass by biodegradation. The estimation of the percentage of biodegradation (D%) was carried out with the following calculation formula:
-W 0 is the mass of the microparticles, prior to incubation, at the equilibrium of the swelling capacity;
-Wx is the mass of microparticles after incubation on days 1, 4 and 7 [18] .
Results and discussions Obtaining and characterization of chitosan-cetirizine derivatives
Chitosan-cetirizine derivatives (1, 2) resulted from an esterification reaction between a hydroxyl group of chitosan and the carboxyl group of cetirizine are presented in figure 1 :
By the esterification of the two types of medium and small chitosan, the corresponding derivatives were obtained with cetirizine (1-CSM.CET and 2-CSL.CET). The reaction products were white and homogeneous in appearance, the reaction having a yield of 85.76% -96.78%.
By IR spectroscopy, there were highlighted characteristic bands of synthesized compounds, through the glucosamine component ( fig. 2 ): -the hydroxyl alcohol group (-OH) at λ = 3300-3400 cm -1 .
Also, the cetirizine component was identified in the spectrum ( fig. 3 ) through:
-the aromatic nucleus is present in the form of multiple bands, the most intense of which were highlighted in the 1539-834 cm -1 region;
-the piperazine component is characterized by a very strong bond of carbon-nitrogen (C-N) in the nucleus at λ = 1163 cm -1 ;
-a methylene group band CH 2 at λ= 1405 cm -1 ; -the presence of the vibration band at λ = 1704 cm -1 confirms the realization of the ester-CO bond.
Obtaining and SEM image of chitosan-cetirizine microparticles
The microparticles obtained ( fig. 4 ), after being left stirring for 24 hours at 300 rpm, were extracted from the crosslinker solution, washed with distilled water and dried at room temperature ( fig. 4 ).
Following the SEM analysis ( fig. 5 -CSM.CET-PEN has been taken as an example), both chitosan microparticles with aspirin and penicillin microparticles, have a rough surface of between 400-800 λm in the dry state. The presence of cracks, on their surface, is explained by the high crystallinity of encapsulated substances.
Swelling capacity of the obtained microparticles
Typically, polysaccharides have a strong water affinity due to the presence of a large number of hydrophilic groups, which can be easily hydrated. The assessment of the swelling capacity is necessary for analyzing the stability of the microparticles over time.
In the case of low molecular weight chitosan microparticles with penicillin (CSL.CET-PEN), the equilibrium infiltration value is 75%, calculated after 60 minutes. The highest value was found for CSM.CET+ASP microparticles, namely 135% and 125% respectively for CSL.CET-ASP, followed by CSM.CET-PEN microparticles, the swelling capacity being 95%.
In vitro biodegradation of the obtained microparticles
The in vitro biodegradation of the four microparticles series, under lysozyme activity, was monitored for 7 days, the results being shown in figure 7. Fig.7 . Biodegradation capacity of microparticles derivatives was done properly and efficiently, since IR absorption spectra demonstrated the existence of characteristic vibrations of each functional group: the aromatic ring, the carbonyl group, the carboxyl group, the piperazine moiety and the amino group.
Also, the use of solubilized chitosan in 2% acetic acid and 1% TPP, as a crosslinker, resulted in stable, rusty and non-uniform microparticles. In addition, this study confirmed the ability of microparticles to swell by absorbing a percentage of water between 75 and 135%, and to biodegrade to a maximum of 50.95%. This study has opened the premises for the incorporation of other antibiotics [19] or active substances [20] in order to obtain encapsulated substances with a widespread use in in-hospital infections and beyond.
An increase in the seventh-day biodegradation compared to the third day, was found for all derivatives, the highest value being recorded for CSL.CET-ASP, respectively 50.95% versus 10.28%, on the third day. For medium-weight (CSM.CET-ASP), biodegradation ranges from 20.14% to 26.45%. On the other hand, in the case of penicillin, for medium-molecular weight chitosan (CSM.CET-PEN), the value increases from 32.71% (day 3) to 40.68% (day 7), while in the case of low molecular weight chitosan derivative (CSL.CET-PEN), a higher biodegradation of 35.45% -46.89% is observed.
Conclusions
In this paper we have attempted to develop chitosancetirizine microparticles, in which aspirin and penicillin have been incorporated (CSM.CET-PEN, CSL.CET-PEN, CSM.CET-ASP, CSL.CET-ASP), to obtain polymeric matrices able to reduce allergic reactions in patients whose immune system develops extreme sensitivity to a particular active substance.
In this regard, following the determination of the functional characteristics of the obtained compounds, it was observed that synthesis of chitosan-cetirizine
